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Introduction

Investigation of the in vitro ability of plasma from pregnant
women to inhibit exogenous thrombin (25 nM) demonstrated
that heparin cofactor II inhibited more thrombin (3.0±0.7 nM,
mean±SD) than plasma from women 3-5 d postpartum
(1.9±0.5 nM) or plasma from nonpregnant adults (1.5±0.4
nM). Levels of heparin cofactor II were only slightly increased
over normal in both pregnant and postpartum women and did
not account for the observed increase in thrombin bound to
heparin cofactor II. Assay of pregnancy plasma for dermatan
sulfate anticoagulant activity demonstrated the presence of ac-
tivity equivalent to 0.23±0.02 ,ug/ml of porcine mucosal derma-
tan sulfate. This activity could not be demonstrated in normal
adult plasma or plasma from women on the contraceptive pill.
The mass of dermatan sulfate in pregnancy and umbilical cord
plasmas was increased over adult control plasma by 0.20 ug/ml
(53%) and 0.29 ,g/ml (76%), respectively. The glycosaminogly-
can-containing fraction of plasma was isolated and an assay for
anticoagulant dermatan sulfate confirmed its presence in both
pregnancy and cord plasmas but minimal activity in adult
plasma. Gel chromatography of isolated fractions from both
pregnancy and cord plasmas revealed a polydisperse, active
species with apparent M, 150,000 D. Reductive elimination
decreased the apparent Mr of the active species on gel chroma-
tography to 31,000 D for cord and 21,000 D for pregnancy
products. This confirmed the presence of an anticoagulant ac-
tive dermatan sulfate proteoglycan circulating in the plasmas of
pregnant women at term and fetuses at delivery. (J. Clin. In-
vest. 1992. 89:321-326.) Key words: glycosaminoglycan - hepa-
rin cofactor II * perinatal * thrombin
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Pregnancy is a unique physiologic state with profound changes
in the hemostatic system. Fibrinolytic activity is markedly im-
paired primarily resulting from increases in inhibitors of plas-
minogen activators (1-3). In contrast, the plasma concentra-
tions of most procoagulants, especially fibrinogen (1), factor
VIII (1), von Willebrand factor (1), and factor VII activity (4)
are increased in plasmas of pregnant women. The levels of
most inhibitors of coagulation are not altered or only slightly
increased (1, 5-8) but protein S is decreased (9). The net result
of the altered coagulation system is that thrombin may be gen-
erated in increased amounts in normal pregnancy (10-12)
compared to nonpregnant adults. The regulation of thrombin
action on factorsV and VIII is key to the control ofcoagulation
(13) and, ifuncontrolled, enhanced thrombin generation could
lead to thrombosis. Indeed, pregnancy (including the postpar-
tum period) has been considered to be a "hypercoagulable
state" because there is an increased incidence of thromboem-
bolic complications during this period (14, 15). However, dur-
ing late pregnancy, the incidence of thrombosis is lower than
one would predict from the altered venous hemodynamics cre-
ated by the gravid uterus (16). In fact, one analysis showed
there was no higher incidence of thromboembolic complica-
tions in pregnancy than in the normal population but a fivefold
higher incidence in the postpartum period (17).

The hemostatic system of the fetus and newborn is in a
dynamic and immature state evolving towards the adult system
(18). During normal labor and delivery, there is activation of
the fetal coagulation system with thrombin generation (19).
Yet, healthy infants do not develop thromboembolic compli-
cations despite physiologically low levels of antithrombin III
(AT III)', heparin cofactor II (HC II), protein C, and protein S.
Further, infants with inherited homozygous protein C defi-
ciency are relatively protected in utero but develop life-threa-
tening thromboembolic complications in the postpartum pe-
riod (20).

We describe herein the results of investigations into the
ability of plasmas from pregnant women and fetuses to inhibit
thrombin and characterization ofa naturally occurring antico-
agulant, the presence ofwhich may help to explain some ofthe
above observations.

1. Abbreviations used in this paper: AT III, antithrombin III, DS, der-
matan sulfate; GAG, glycosaminoglycan; HC II, heparin cofactor II;
a2M, a2-macroglobulin.
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Methods

Porcine mucosal dermatan sulfate (DS; MF 701, Batch 48) was ob-
tained from Mediolanum Pharmaceutici, Milan, Italy. Chondroitin
ABC lyase (EC 4.2.2.4) and chondroitin AC lyase (EC 4.2.2.5) were

obtained from ICN Biomedicals Canada Inc., Mississauga, ON, and
were reconstituted in a buffer of 0.15 M NaCl and 0.01 M sodium
acetate. Ancrod (EC 3.4.21.28) was from Connaught Laboratories, To-
ronto, ON. Sepharose CL-4B and Sephadex G-200 were from Pharma-
cia, Uppsala, Sweden, and Hyflo Super-Cel was from Fisher Scientific
Co., Toronto, ON. Alcian blue 8 GX, dimethylsulfoxide, and the non-
specific protease, Pronase E (Streptomyces griseus), were purchased
from Sigma Chemical Co., St. Louis, MO. Cellulose acetate strips (Se-
praphore III) were from Gelman Sciences, Inc., Ann Arbor, MI. An
assay for dermatan sulfate anticoagulant assay (Stachrom DS) was

from Diagnostica Stago, Asnieres, France. Purified human thrombin
was a kind gift of Dr. J. W. Fenton II, Albany, NY. Antiserum to AT
III, HC II, and a2-macroglobulin (a2M) were from Atlantic Antibodies,
Scarborough, ON; Behring, Hoechst, Montreal, PQ; and DAKO (Di-
mension Labs), Burlington, ON, respectively.

Plasma samples. Paired blood samples were obtained, with in-
formed consent, from 17 consecutive women with normal pregnancies
within 24 h before elective caesarean section and 3-5 d postpartum.
Blood was collected into 3.8% sodium citrate (9:1 blood/citrate) and
plasma obtained by centrifugation at 1,700 g for 15 min. Plasmas from
16 nonpregnant adults served as control. These were used for quantita-
tion ofthrombin inhibition by SDS-PAGE (see below) and DS antico-
agulant activity. Cord plasmas were obtained consecutively from
healthy newborns after uncomplicated delivery. Subsequently, plasma
pools from a number of groups of at least 10 individuals each (women
at 6, 16, and 30 wk gestational age, pregnant women at term, women
on oral contraceptive pills, nonpregnant adults, and cords) were used
for DS anticoagulant assay. Assays for DS anticoagulant activity were
also performed on individual samples from a separate group of 10
pregnant women, 10 women postpartum, and 10 nonpregnant adults
(five women, five men). Pooled plasmas were used for purification of
glycosaminoglycan (GAG) containing material (see below).

Thrombin-inhibitor complex formation. The contributions of AT
III, HC II, and a2M to the inhibition of exogenous thrombin were

determined as previously described (21). In brief, plasma samples were

defibrinated with ancrod. In some experiments, defibrinated plasma
was reacted with chondroitin ABC or AC Iyase (final concentration 0.3
U/ml) for 1 h at 37°C. Selectivity of these enzymes has been previously
demonstrated (22). '251I-Thrombin was added to the plasma samples
(final concentration 25 nM) and incubated at 37°C for 90 s. The pro-
portion of thrombin complexed by each inhibitor was the same at 30,
45, 60, and 90 s in both pregnancy and nonpregnant adult plasmas
(data not shown) and the 90-s time point was chosen for convenience.
The reaction was stopped by sampling into 3 vol of SDS sample buffer
(5% mercaptoethanol, 10% glycerol, 0.06 M Tris-HCl, 0.01% bromo-
phenol blue, pH 6.8) and heating in a boiling water bath for 2 min. The
samples (- 10,000 cpm per lane) were subjected to SDS-PAGE on a
4% stacking gel and 5-15% gradient running gel. Gels were stained with
0.1% Coomassie Blue R250 in 40% methanol/10% acetic acid, de-
stained in 40% methanol/ I0% acetic acid, and dried onto filter paper.
Autoradiography was carried out and the amount of thrombin bound
by each inhibitor measured by quantitative densitometric scanning.
The positions of the thrombin-inhibitor complexes were determined
by performing the same procedure in plasma deficient in AT III or
immunodepleted of a2M, or in plasma to which heparin or DS had
been added. Inhibitor concentrations in plasma were measured by
immunoelectrophoresis (HC II) or radial immunodiffusion (AT
III, a2M).

DS mass assay. Plasma pools were treated with chondroitin AC
Iyase (final concentration 0.025 U/ml) for 5 h at 37°C. Aliquots were

then reacted with chondroitin ABC lyase (final concentration 0.05 U/
ml) or an equal volume ofenzyme buffer for 5 h at 370C. The resulting

samples were treated with 1.0 mg/ml Pronase E while dialyzing against
0.1 M Tris-HCl, 0.002% sodium azide, pH 7.5 for 48 h. Every 12 h, an
additional 0.5 mg/ml of protease was added to the reaction. The prod-
uct was pressure dialyzed against water to a volume of 1 ml and
centrifuged 15 min in an Eppendorf centrifuge (Brinkmann Instru-
ments, Westbury, NY). The supernatants were dried on cellulose poly-
acetate strips. The spots were stained with 0.025% alcian blue 8 GX/
25% ethanol/10% acetic acid and destained in 40% methanol/10% ace-
tic acid. Each spot was suspended in 1 ml ofdimethylsulfoxide and the
absorbance measured at 678 nm. The difference between the two ab-
sorbances (chondroitin ABC lyase and buffer treated) was compared to
a standard curve ofporcine mucosal DS ofknown mass concentration.
Porcine mucosal DS was fully recovered when added to adult plasma
and subjected to this technique. This staining technique has been
shown to be sensitive and selective for staining ofGAG (23).

DSanticoagulant activity assay. The ability ofDS to catalyze inhibi-
tion of exogenous thrombin was determined using a modification of a
commercial assay based on the method of Dupouy et al (24). In brief,
fibrinogen, AT III, and HC II were removed from plasma by treatment
with an equal volume ofa 50 g/liter bentonite suspension. After centrif-
ugation at 1,700 g for 15 min, the supernatant was collected and a
100-,d sample brought to 370C. Bovine HC II, 100 ,l (- 0.26 U/ml)
was added and incubated at 370C for 2 min. Thrombin, 100 ,u (6 NIH
U/ml), was added and incubated for a further 2 min. The synthetic
thrombin substrate CBS 34.47, 100 ,ul (H-D-cyclohexyl-Gly-But-Arg-
pNA, 0.16 Mmol/ml), was added and incubated for 1 min.The reaction
was stopped with 100 ,ul of50% acetic acid and the absorbance was read
at 405 nm. This was compared to a standard curve generated using
normal adult plasma to which varying amounts ofporcine mucosal DS
had been added before bentonite treatment. Pooled normal adult
plasma had no measurable baseline activity since treatment with chon-
droitin ABC Iyase did not result in a decrease in thrombin inhibition
(i.e., increased absorbance at 405 nm). Assay of purified material was
identical except that the standard curve was generated by adding vary-
ing amounts ofporcine mucosal DS to 0.15 M NaCl and the bentonite
step was eliminated. All positive results were confirmed by reaction of
bentonite-treated plasma with chondroitin ABC lyase (final concentra-
tion 0.33 U/ml) for 1 h at 37°C before assay. This was to confirm that
any activity present was due to DS rather than heparin or heparan
sulfate, since these are also active in this assay system.

This system was inaccurate in cord plasma as some substance (possi-
bly bilirubin) appeared to interfere with absorbance readings at 405
nm. Partial purification of GAG-containing substances from cord
plasma was carried out by partial protease digestion with Pronase E
(final concentration 2.5 mg/ml) at 45°C for 4 h. To this was added 2 vol
of 3 M NaCl followed by acidification with 1/20 vol of 3 M acetic acid.
The mixture was boiled for 5 min then put on ice. Precipitate was
removed by centrifugation at 30,000 g for 20 min at 10°C. The super-
natant was mixed with 3 vol of cold (4°C) ethanol/0.0058 M sodium
acetate and mixed vigorously. The material was left at 4°C until centrif-
ugation at 5,000 g for 20 min at 4°C. The supernatant was removed
and the pellet resuspended in one-half supernatant volume of 0.015%
cetylpyridinium chloride/0.02 M NaCl at 37°C with vigorous mixing.
This was kept at 4°C for 18 h and then the precipitated cetylpyridinium
chloride was redissolved by warming to room temperature. The mate-
rial was centrifuged as above but at room temperature and the superna-
tant removed. The pellet was resuspended in 1 ml of 3 M NaCl and
passed through a Hyflo Super-Cel column (0.6 x 1.3 cm) equilibrated
with 3 M NaCl at 450C. The column was washed with 3 ml of 3 M
NaCl and the eluate combined with 8 ml of water. Cold ethanol/
0.0058% sodium acetate, 36 ml, was added to this fraction and kept at
4°C for 18 h. This was centrifuged as above, the supernatant removed,
and the pellet freeze dried. The pellet was resuspended in 0.3 ml of
water for analysis. The yield of the procedure was monitored by assay
of the mass of ACase-resistant/ABCase-sensitive GAG present before
and after the purification in both cord and adult plasmas and was
somewhat variable ranging from 15% to 60%.
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Purification and characterization ofplasma DS. In that it was possi-
ble that the plasma DS was present as a proteoglycan, the above proce-
dure was modified to preserve proteins. Pooled plasmas were mixed
with 2/3 vol ofsaturated ammonium sulfate and stirred at 230C for 1 h.
This mixture was centrifuged at 4,000 g for 15 min and the supernatant
was dialyzed against 0.15 M NaCl. This material was warmed to 370C
and mixed thoroughly with 10% cetylpyridinium chloride to a final
concentration of 1% and kept at 4VC overnight. The precipitated cetyl-
pyridinium chloride was redissolved by warming to 20'C. The material
was then centrifuged at 230C at 4,000 g for 20 min and the supernatant
was removed. The pellet was resuspended in one-fifth original plasma
volume of3M NaCl at 450C and three-fifths original plasma volume of
cold ethanol/0.0058 M sodium acetate was quickly added. The mixture
was kept at 4VC overnight then centrifuged at 4,000 g for 20 min at
4VC. The supernatant was removed and the pellet resuspended in one-
fifth original plasma volume ofwater and again precipitated with three-
fifths original plasma volume ofcold ethanol/sodium acetate. This was
centrifuged at 4,000 g for 20 min at 4VC. The pellet was freeze-dried
and resuspended in 1 ml of 1 M NaCl. After centrifugation in an Ep-
pendorf centrifuge, the supernatant was collected and the pellet washed
with a small volume of 1 M NaCI. The supernatant and washings were
dialyzed against 0.15 M NaCl and assayed for DS anticoagulant
activity. The yield of anticoagulant active DS from this procedure
was 40-70%.

The isolated material was subjected to gel chromatography on Seph-
arose CL-4B (1.0 X 49 cm) in 1 M NaCl. Fractions of 1.2 ml were
collected and consecutive fractions were pooled in groups of two,
freeze-dried, reconstituted in 0.5 ml of water, dialyzed against 0.15 M
NaCl, and assayed for DS anticoagulant activity. Purified material was
also subjected to reductive elimination by reaction of0.5 ml ofmaterial
with 0.055 ml 2 M KOH for 3 h at 230C, and then 0.1 ml of 200,gM
NaBH4/0. 1 M NaOH was added and incubated for a further 17 h. This
was neutralized with 14 gl of 50% acetic acid. The product was sub-
jected to gel chromatography on Sephadex G-200 (1.0 X 49 cm) in 1 M
NaCl. Fractions of 1.2 ml were collected, and consecutive fractions
were pooled in groups ofthree and freeze-dried, reconstituted in 0.5 ml
of water, dialyzed against 0.15 M NaCl, and assayed for DS anticoagu-
lant activity. Dextrans or dextran sulfates ofknown average molecular
weight were used as standards on both columns to estimate molecular
weight. In addition, purified material was added to normal adult
plasma to achieve an activity level equivalent to 0.4 ug of porcine
mucosal DS/ml. Thrombin-inhibitor complex formation in this mix-
ture was measured as above.

Statistics. Groups were compared using a paired (for pre- and post-
delivery samples) or unpaired one-sided t test with P < 0.05 considered
significant.

Results

Thrombin-inhibitor complexformation. The concentration of
thrombin-HC II complexes (Fig. 1) was higher in the plasmas
of pregnant women before delivery (3.0±0.7 nM, mean±SD)
than 3-5 d postpartum (1.9±0.5 nM, P < 0.01). The latter
plasma was similar to pooled adult plasma (1.5±0.4 nM). The
amounts of thrombin bound to other inhibitors are shown in
Table I.

The simplest explanation for this observation would be a
change in HC II levels. However, the HC II level in this group
of women was 1.35±0.09 U/ml (mean±SEM) predelivery
compared with 1.16+0.07 U/ml (P> 0.05) postdelivery. In the
nonpregnant adult pool, the level was 0.90±0.06 U/ml. Thus, a
difference in HC II levels did not completely account for the
observed increase in thrombin inhibition. We hypothesized
that there was some other substance present in pregnancy
plasma which catalyzed the thrombin-HC II interaction. In

Figure 1. Autoradio-
grams of thrombin-in-
hibitor complexes. Ap-
proximately 10,000
cpm per lane was
loaded. Lane A, throm-

ia bin alone; lane B, pre-
delivery plasma; lane C,

_ - - lb 3 d postpartum plasma;
lane D, nonpregnant

2 adult plasma (from a
't 3 different run). Labeled

bands are thrombin-
a2M (la, lb), throm-
bin-HC II (2), throm-

* 41 4 _ 4 bin-AT III (3), uncom-
plexed a-thrombin (4).

am ~_The bands below a-
thrombin are f-throm-
bin and a small degra-

A B C D dation product.

cord plasma, low levels ofHC II made this assay too insensitive
to detect significant differences in binding of thrombin to
HC II.

DS assays. By assay ofthe mass ofDS present in plasma, it
was found that pooled pregnancy plasma contained 0.58±0.02
,gg/ml (mean±SEM), cord plasma 0.67±0.03 Lg/ml, and nor-
mal adult plasma 0.38±0.05 ug/ml of DS (Table II). Plasma
pooled from eight pregnant women at term contained DS anti-
coagulant activity equivalent to 0.23±0.02 Aig (mean±SEM) of
porcine mucosal DS/ml ofplasma. This activity was abolished
by treatment with ABCase but not ACase or enzyme buffer. No
activity was detectable in pooled nonpregnant adult plasmas or
in plasmas pooled from women on oral contraceptive pills and
women at 6, 16, and 30 wk of gestation.

Subsequently, individual anticoagulant assays on 10 preg-
nant women at term and 10 women 3 d postpartum were per-
formed. These showed that all pregnant women had measur-
able activity (0.19±0.1 ,ug/ml, mean±SD). Postpartum plas-
mas demonstrated lower levels (0.09±0.09 gg/ml, P < 0.01)
with 4 ofthe 10 plasmas having no detectable activity. Activity

Table I. Concentration of Thrombin-Inhibitor Complexes
in Pregnant and Nonpregnant Patients after In Vitro
Addition of `2-Thrombin

AT III HC II a2 M

nM

Predelivery (n = 17) 10.2±1.2 3.0±0.7 3.7±0.8
Postpartum (n = 17) 11.9±1.0 1.9±0.5* 3.3±0.8
Nonpregnant

adults (n = 16) 11.9±1.2 1.5±0.4* 2.7±1.2

Thrombin-inhibitor complex concentration after reaction of 125I-
thrombin with plasma (final concentration 25 nM) for 90 s. Quanti-
tation was performed using scanning densitometry after SDS-PAGE
of the plasma/thrombin mixture and autoradiography. Concentration
is expressed as mean±SD.
* Significantly different from predelivery value (P < 0.05).
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Table II. DS Assays

Anticoagulant Mass difference
activity Mass (from normal pool)

Ag/mI

Pregnancy pool 0.23±0.02 0.58±0.02* 0.20
Cord pool (0.20) 0.67±0.03* 0.29
Normal pool 0 (0.03) 0.38±0.05

Summary of anticoagulant activity and mass assays for DS in cord
and pregnancy plasma. Anticoagulant activity is based on a chromo-
genic, HC II-dependent antithrombin assay. Mass assay is based on
alcian blue 8 GX binding to glycosaminoglycan resistant to degrada-
tion by chondroitin AC lyase but sensitive to chondroitin ABC lyase.
Values for activity and mass are expressed as mean±SEM or esti-
mates of activity (in parentheses) based on yield and activity of puri-
fied material.
* Significantly different from normal pool (P < 0.05).

was abolished in all cases by ABCase but not ACase. In compar-
ison, activity was not measurable in 10 nonpregnant adults.

DS activity could not be accurately measured in cord
plasma as some fraction in the plasma (likely bilirubin) inter-
fered with absorbance readings at 405 nm. Therefore, partial
purification was undertaken of cord and nonpregnant adult
pooled plasmas. When corrected for yield (determined by mass
assay), the DS activity in cord plasma was - 0.2 ,ug/ml. As
noted above, no DS activity was detected in plasma from non-
pregnant adults. Following the same purification technique
used for cord plasma, activity was detected in the concentrate
of nonpregnant adult plasma which, when corrected for yield,
was 0.03 jug/ml in the original plasma. This is below the sensitiv-
ity of the DS anticoagulant activity assay in a plasma system.

Characterization ofplasma DS. Gel chromatography ofma-
terial isolated from both pregnancy and cord plasmas on Sepha-
rose CL-4B yielded similar results. A single, somewhat polydis-
perse peak ofanticoagulant activity was seen with a Ka. of0.67
(Fig. 2). After reductive elimination, chromatography on Seph-
adex G-200 was again similar and demonstrated a peak with
Ka, of 0.54 for pregnancy and 0.40 for cord.
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Z 01
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2 6 10 14 18 22 26 30 34 38
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Figure 2. DS activity of purified GAG-containing material from cord
(.) and pregnancy (A) plasma after gel chromatography on Sepharose
CL-4B. Void volume is fraction 1 1; column volume is fraction 33.
Note different y-axis scales.

After addition of material isolated from pregnancy plasma,
thrombin complexes with HC II were increased over nonpreg-
nant adult control and decreased to baseline with chondroitin
ABC lyase treatment but not chondroitin AC lyase. Similarly,
when material isolated from cord plasma was added to adult
plasma, increased HC II-thrombin complexes were noted
which decreased to baseline with chondroitin ABC lyase but
not chondroitin AC lyase (data not shown).

Discussion

There are profound changes in the hemostatic system during
normal pregnancy that lead to thrombin generation, fibrin de-
position, and fibrinolysis within the placenta or at the uteropla-
cental junction (10-12, 25, 26). Localized fibrin deposition is
important for the establishment and possibly repair ofthe pla-
centa (27, 28). However, uncontrolled thrombin generation in
the uteroplacental unit could lead to systemic thrombosis, par-
ticularly in the late stages of pregnancy when there is marked
impairment of deep venous blood flow.

We have noted an increase in thrombin inhibition byHC II
in plasmas from pregnant women at term. Though these
women had slightly increased levels of HC II, consistent with
previous reports (6, 7), this was insufficient to completely ac-
count for the observation since postpartum HC II concentra-
tions were not significantly different from antepartum yet,
postpartum there was less contribution ofHC II to thrombin
complex formation. We hypothesized thata substance was pres-
ent which catalyzed the thrombin-HC II reaction. This was
confirmed in a HC II-dependent antithrombin assay in both
pregnancy plasma and in partially purified material from cord
plasma.

Several GAGs are capable of catalyzing the thrombin-HC
II reaction including heparin, heparan sulfate, DS, and very
high levels of chondroitin-4-sulfate and chondroitin-6-sulfate
(29). None ofthe subjects had received heparin. In the plasmas
from pregnant women, thrombin inhibition by AT III was not
increased, thus, endogenous heparan sulfate could not be the
catalyzing substance since it primarily catalyzes thrombin-AT
III formation. The catalyzing activity was abolished by AB-
Case, but not ACase, in all instances. Thus, this activity was
attributable to DS rather than chondroitin-4- or -6-sulfate.

The presence ofDS in the plasma ofhealthy adults has been
shown previously (30). Extrapolating from the total GAG con-
tent of serum (31), the amount of DS expected would be

0.20-0.25 lsg/mL. The value for adult pooled plasma by our
mass assay method is in reasonable agreement with these re-
ports. However, the DS normally present in adult plasma had
little catalytic activity. In contrast, the increment in total DS
mass in pregnancy and cord plasma over adult plasma agrees
well with the measured activity. It appears that most of the
increase in DS mass is anticoagulant active DS.

Purification of GAG containing material from pregnancy
and cord plasmas revealed that the active DS present was simi-
lar in both. The Kay on Sepharose CL-4B corresponds to an
average Mr of 150,000 D. This is much larger than typical DS
GAG chains, suggesting that the substance was a proteoglycan
rather than free GAG. This was confirmed by the decrease in
Mr of the active fraction after reductive elimination which
cleaves the O-linked GAG chains from the core protein of a
proteoglycan.
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Thus, we have identified a DS proteoglycan in the plasmas
of pregnant women obtained immediately before delivery and
in cord blood at delivery. This DS proteoglycan is capable of
catalyzing the inhibition of thrombin by HC II. We were un-
able to detect this material in plasmas from healthy nonpreg-
nant adults, women on oral contraceptive pills, or pregnant
women at up to 30 wk ofgestation. We have not yet studied in
detail the period from 30 wk of gestation to term to determine
when this first appears.

DS proteoglycans are a family of proteoglycans which are
ubiquitous in the extracellular matrix of connective tissue (32)
and serve multiple functions (33). During pregnancy, the pla-
centa (34) and uterus (35) are rich in DS proteoglycan. The
mechanism by which this DS proteoglycan might appear in
blood is unknown. The rapid decrease in activity postpartum
suggests that this is an effect of pregnancy and that the activity
may be of placental origin. The source of the DS proteoglycan
in the fetus is also speculative. However, we have previously
shown, in an animal model, that DS-like activity is found in the
fetal circulation after administration ofa low-molecular weight
heparin (36) to the mother, indicating that there is a pool ofDS
which can be released into the fetal circulation.

Anticoagulant activity has been previously isolated from
the placenta (37, 38) and from cord blood (39). The anticoagu-
lant activity from placenta was shown to be secondary to a
protein which binds phospholipid and does not inhibit throm-
bin (37, 40), clearly distinguishing it from the substance we
have isolated. In addition, it has not been shown to circulate in
the blood. The activity isolated from cord blood demonstrated
"heparin-like" thrombin inhibition. Further characterization
showed that it did not act through AT III (41) and the original
observation was attributed, in part, to a fetal fibrinogen. This
may have also represented DS activity which would not have
been appreciated since the presence ofHC II was not known at
that time. Circulating anticoagulant GAG molecules have been
noted in some pathologic conditions (42-45). To our knowl-
edge, this is the first demonstration of this phenomenon in
physiologic states.

The ability ofDS to enhance thrombin inhibition by HC II
has only recently been described (46). It has led to the investiga-
tion ofDS as an antithrombotic agent (47-50) in animal mod-
els. These have shown it to be effective with less bleeding side
effects than heparin. Thus, the finding of an active DS proteo-
glycan in pregnancy and in cord blood ofnewborn infants is of
interest. Its presence may partly explain the low risk ofthrom-
bosis in pregnant women and fetuses when there is increased
thrombin generation. Because it falls rapidly after delivery, it
might also provide an explanation for the increased incidence
of thrombosis in the puerperium. Further studies on the site of
origin, time course of appearance, and physiological relevance
of the measured levels are needed to clarify its role.
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